Abstract-High cohesion as a desirable principle in software design has an incredible impact on software reuse, maintenance and support. In service-oriented architecture (SOA), the focus of services on single business functionality is defined as conceptual cohesion. Current metrics for measuring service cohesion reflect mostly the structural aspect of cohesion and therefore cannot be utilized to measure conceptual cohesion of services. Latent Semantic Indexing (LSI), on the other hand, is an information retrieval technique and is widely used to measure the degree of similarity between a set of text based documents. In this paper, a metric namely SCD is proposed that measure the conceptual cohesion of services based on LSI technique. This metric consider both service functionality and operation sequence to measure the conceptual cohesion. An evaluation of the metric based on a set of cohesion principles and comparison with the previously proposed metrics are also provided.
INTRODUCTION
Service-Orientation (SO) brings specific constraints and requirements to the design of software systems [1] . In contrast to earlier paradigms which treat an application as a collection of inter connected procedures or objects, SO software applications are developed in terms of reusable, stateless services which aim to demonstrate autonomy from other services in the system [2] . To be more specific, the procedural paradigm has only one main level of abstraction, a procedure, whereas the OO paradigm has two levels of abstraction, methods which are aggregated into classes. In contrast, SO introduces an additional level of abstraction and encapsulation, a service in which operations are composed into elements such as OO classes, business process scripts, and procedural packages that implement the functionality of the service as exposed via operations in the service interface [1] .
Although SO and its associated computing paradigm, service-oriented computing (SOC), is becoming an increasingly popular paradigm for the implementation of enterprise software [3] , SO software applications are often designed in an ad hoc manner [1] [4] , with little consideration given to the underlying design structures, thereby potentially resulting in decreased maintainability of the produced software.
Service-orientation urges the services to be reused regardless of the fact that there might not be any direct requirement for service reuse. The chance of a service to accommodate future requirements with minimum development efforts increases using design standards which makes every service potentially reusable [2] . Cohesion is a principle that should be considered during all stages of service-oriented design and development. High cohesion increases clarity and comprehension of the design and thus simplifies software maintenance [5] . On the other hand, by putting related operations in one service, reusability in different contexts is improved, since it enables the service to focus on one single business functionality [6] .
Cohesion, due to its inherently conceptual nature, is considered as one of the most complex structural software attributes to quantify [1] . This quality attribute could be measured based on the conceptual (semantic) relationships of operations within a service. Current cohesion metrics have only considered the structural aspects so far [1, 6, 8] , and have ignored the conceptual aspects. Each service encapsulates specific business functionality, so service conceptual cohesion could be defined as the level of concentration of a service on a single functionality or semantically related business functionalities.
In this paper, we propose a method for measuring the degree of conceptual cohesion in a service. This method evaluates the operations of the service in both functionality and sequential aspects. To measure the conceptual cohesion we use LSI technique. LSI was first used for information retrieval purposes [8] . One of the applications of this technique is calculation of text cohesion [8] . LSI provides a completely automatic approach that compares information units in order to measure conceptual relationship. Conceptual relatedness degree of units measurement is based on a powerful mathematical method called Singular Value Decomposition (SVD) [8] .
We utilize business processes in order to measure service conceptual cohesion, which is aligned with the nature of services as a business concept. The proposed method uses business processes as input and then computes the relationships between business processes and their related business entities using a matrix structure. By applying the SVD and then domain reduction algorithm over this matrix, the introduced metric could be calculated.
The rest of this paper is organized as follows. In the next two sections a summary of most related work together with definitions of adopted basic concepts are provided. Section IV is dedicated to the applicability of LSI in cohesion metric. Detailed description of the proposed metric is provided in Section V, followed by an evaluation in section VI. Summary of the work and future research directions are discussed in the final section of this paper.
II. RELATED WORK
In this section, a brief overview of the metrics proposed for measuring cohesion in object-oriented and serviceoriented paradigms is presented.
Many metrics have been proposed for cohesion measurement in object-oriented design. These metrics could be applied using either high-level or low-level design. In high-level design, the metrics should use information like classes and method interface since in this level only such information is available. Metrics in low-level design make use of fine-grained information like algorithm analysis, source code and identifier properties. Thus in low-level design all method-method, method-attribute and attributeattribute interactions could be used. On the other hand, defining metrics that are applicable in high-level design have a greater advantage in contrast to metrics that are only applicable in low-level design because they help to detect more characteristics related to cohesion at early stages of development. Therefore, class cohesion improvement during high-level design reduces development cost and increases software quality.
Cohesion metrics in object-oriented are based on sharing class attributes. Some metrics in this paradigm measure the lack of cohesion. For instance, Kemerer and Chidamber in [9] proposed a metric named LCOM1 that counts the number of method pairs without any shared variable and then they provided another version named LCOM2 which calculates the difference between the number of method pairs that do and do not share instance variables [10] .
Li and Henry proposed a graph based approach in which each method is considered as a graph node. In this approach there is an edge between two nodes if their corresponding methods have at least one shared variable [11] . Their metric, named LCOM3, defined as the number of connected components of the graph. In LCOM4 which extened LCOM3 metric, there is an edge between two nodes if one of their corresponding methods invokes the other [12] . In addition, Henderson-Sellers [13] proposes a lack-ofcohesion in methods metric, LCOM5, that considers the number of methods referencing each attribute.
In [14] Bieman and Kang proposed two cohesion metrics namely TCC and LCC. TCC considers two methods to be related if they share the use of at least one attribute. However, LCC considers two methods to be connected if they share the use of at least one attribute directly or transitively.
In [15] class cohesion measurement (WTCoh) is calculated by the similarities of class methods. Two methods are similar when the variable sets that they can access are overlapped. This study categorizes the cohesion of class methods to either direct or indirect. The transitivity property has been used to measure the indirect cohesion of classes in this study.
The semantic information shared between the source code elements is the basis of conceptual cohesion measurement (C3 metric) in [16] where a set of metrics are proposed. Comments and identifiers as semantic information in IR methods are used to calculate conceptual cohesion. The research assumes that each method owns a set of explanatory comments. Moreover, the use of meaningful identifiers to implement classes is another pre-assumption in this research.
Most metrics in object-oriented paradigm measure the cohesion only in structural point of view and does not consider the conceptual aspect of it. C3 Metric could not also be used to measure the conceptual cohesion of services since: 1. The proposed metrics are calculated using source code information which are not available for services in the design level. 2. Service is a notion at the business level; hence, the required information can only be obtained using business level artifacts, such as business processes. Regardless of the service implementation, cohesion of the services could be defined based on their functionalities. This means that conceptual cohesion should be calculated based on the scope of the functionalities. The required semantic information could be found in enterprise business processes. Therefore, the conceptual cohesion could be calculated without considering implementation details. More discussion is provided in [1, 6] . Although numerous metrics has been proposed to measure class cohesion in service-oriented design, but the number of similar researches in service-oriented architecture is scarce. These studies are briefly reviewed in this section.
In [1, 6] eight semantic categories of service-oriented cohesion are defined: Coincidental, Logical, Temporal, Communicational, External, Implementation, Sequential and Conceptual. Four of these categories (Communicational, External, Implementation and Sequential) are presented as quantifiable cohesion categories. Moreover, some measurement metrics are proposed the summary of which are provided in Table I . On the other hand, four other categories Coincidental, Logical, Temporal and Conceptual are defined as purely semantic. The proposed research indicates that latter four categories require service semantic while the former four categories could be measured without having any semantic data.
In [5] , the service cohesion is measured based on the data flow complexity between service operations. The data flow cohesion is calculated based on the complexity of information entities sent through data flows. In the mentioned research, a service containing operations with complex data flow is considered as coherent. The proposed metrics calculate only the structural cohesion of services. Moreover, the complexity of information entities is calculated based on experience.
A brief representation of the cohesion metrics has been shown in Table I . 
Definition Name
Number of non-similar method pairs in a class of pairs.
LCOM1
Object-Oriented the difference between the number of method pairs that do and do not share instance variables.
LCOM2
Number of connected components in the graph.
LCOM3
The LCOM3 metric is extended in [12] by adding an edge between a pair of methods if one of them other.
LCOM4
The number of methods referencing each attribute.
LCOM5
Ratio of number of similar method pairs to total number of method pairs in the class.
TCC, LCC
Number of used shared data entities by methods and also taking the transitive cohesion into account.
WTCoh
Use the semantic information shared between the source code elements (comments and identifiers)
C3
Number of system services divided by the total number of used messages DM IAUM [7] Service-Oriented
This metric is proposed to measure communicational cohesion and takes the return type parameters into account.
SIDC [6]
This metric indicates that a service is deemed to be Externally cohesive when all of its service operations are invoked by all the clients of this service.
SIUC [6]
In this metric a service is deemed to be Implementation cohesive when all of its service operations are implemented by the same implementation elements.
SIIC [6]
a service is deemed to be sequentially cohesive when all of its service operations have sequential dependencies, where a post condition/output of a given operation satisfies a precondition/input of the next operation.
TICS [6]
The data flow complexity across activities in service to reflect the functional relevance among them.
VCOHES
Generally one could claim that metrics in previous researches have considered this quality attribute from the structual point of view. These measures could indicate that how one class (service) is created and how the instances are working together to address their design goal. Therefore, they cannot show that how a class (service) is coherent in conceptual point of view. In other words, what is the level of service concentration on a single business functionality can not derived based on the previous proposed metrics. It is cleare that measuring service cohesion in earliy stages of service based software development cycle reduces cost greatly. In addition, whenever a service implements one domain concept it could be easily reused and maintanied. In this paper, we propose a metric that measures the conceptual cohesion using the semantics hidden in business processes. We have utilized an information retrival approach to uncover the required semantics.
III. SETTING THE SCENE
In this section, we first present basic concepts which will be referenced throughout the rest of the paper and then give a brief description of the LSI technique.
A. Basic Concepts Definition 1 (Business Entities): A business entity (BE) is a dominant information entity with an associated data model and an associated behavior model in the context of a process scope. The data model describes the data dependencies between the dominant entity and the dominated entities as the former logically containing the latter [19] . Definition 4 (Conceptual Cohesion): One could say that between all operations of each service a semantic relationship based on some domain-level concept could be identified. This means that either single business functionality or some other semantically meaningful concept is the focus of the operations of a service [6] .
B. Overview of Latent Semantic Indexing
In the traditional approach to information retrieval (IR), a vector space is defined for a collection of documents such that each dimension of the space is a term occurring in the collection, and each document is specified as a vector with a coordinate for each term occurring in the given document. The value of each coordinate is a weight assigned to the corresponding term, or a measure of the importance of the given term in characterizing the given document and distinguishing it from the other documents in the given collection [8] . LSI is a vector model-based technique which is applied in many information retrieval applications. In the vector model, each document is simply represented by term-document matrix, where n is the number of terms and m is the number of documents in the collection. Each cell , is the frequency of term t i n the document d j . The following steps describe the LSI technique in more details: 1. A matrix is constructed in which each row corresponds to a term that occurs in the document and each column corresponds to a document. Each element (m, n) in the matrix corresponds to the weight of the term m in document n. Figure 1 demonstrates a term-document matrix. A weight is assigned to each term in the document. Different weighting methods are proposed in [8] in details. The simplest weighting model could be achieved by calculating the number of term occurrence in document. In this paper we propose a new weighting model since previous models could not be applied directly in our approach.
3. The term document matrix A is decomposed to three matrixes S, T and D using the SVD method. Matrix S, T and D contain the information on terms, unique values and documents respectively. The original matrix A could be using the formula A TSD T where D T is the transpose of matrix D. 4. The matrices S, T and D are reduced to k domains. The value for k is 2 in this approach, as suggested in [8] .
With k=2, the reduced matrix BBR T S T S T is achieved. The BBR matrix demonstrates the relationship between business entities and is used in our proposed metric. The LSI technique uses the term co-occurrence to obtain relationship between terms. Two terms a and b are cooccurring if there is at least one document which contains both of them. We say that, in this case, a and b have a first order co-occurrence. Similarly, a second order co-occurrence path between two terms a and b is made with a term c such that a co-occurs with c and b co-occurs with c too. The number of unique terms c is the number of second order cooccurrence paths between a and b. Higher order cooccurrences are defined in a similar form. SVD algorithm considers all information about co-occurrence of terms.
IV. APPLICABILITY OF LSI IN MEASURING COHESION
The contribution of this paper is to propose a method to measure the conceptual cohesion of services. To achieve this objective, we map the mentioned concepts in section II to SOA concepts. Similar to LSI, we define Business EntityElementary Business Process (BE-EBP) matrix, where m is the number of business entities and n is the number of elementary business processes. Figure 2 shows a process which has access to eight business entities, Customer, Vehicle, Work Order, Offering, Skills, Shipping Durations, Appointment and parts [5] .This business process is placed in one of BE-EBP matrix columns. Business entities are also placed in rows of the mentioned matrix. This matrix should be completed for all enterprise business processes. Having completed the BE-EBP matrix, we should give values to its elements using weighting models. We will use a specific weighting model in this paper. This model must be able to reflect semantic relationships that existed in business processes. In the following two sub-sections, key aspects of conceptual cohesion have been examined. In section A, the functionality aspect and in section B the operation sequence aspect is discussed.
A. The Functionality Aspect of Cohesion
In the LSI technique, term co-occurrence information is used; two terms that co-occur several times in documents are more related. According to [19, 22] , we call two business entities are related if both are accessed or processed by at least one business process. The relationship between business entities can be specified based on the type of the actions performed by processes on these entities. For example, the action of creating a business entity has a higher affinity to the business process in comparison to a reading action. Generally, we can consider priorities C>U>D>R for actions which are performed on business entities, where C, R, U, and D refer to Create, Read, Update and Delete respectively [22] . Using this idea, we can propose a weighting model which explains the exact relationship between business entities. Keeping in mind the mentioned priorities, we can consider the degree of relationship between business entities using some simple rules like the following samples:
Two business entities which are processed by a business process have the highest relationship degree if this business process performs Create action on both. In other words, the affinity of these two business entities to the business process is very high, and consequently the relationship between them is very strong. We consider this group as the strongest type of relationship. Based on the degree of relationship, two business entities are placed in the second group if the business process performs action C on one of them and action U on the other one. Since totally 4 actions C, R, U, and D are performed on every BE, 7 relationship degrees can be obtained between two BEs. These seven degrees are shown in Table II . Numbers inside Table II are representative of the categories of different degrees of relationships. For example, the value 1 shows the strongest type of relationship whereas the value 7 shows the weakest type of relationship because the action of reading two business entities by a process, does not provide tight relationship between those two business entities. The target weighting model must completely reflects these priorities.
In the LSI technique, we can easily create a termdocument matrix by counting the number of occurrences of a term in a document. In this technique, the most important thing is occurrence of terms in a document, and there is not any difference between occurrences of two different terms whereas in our proposed method the type of the action which is performed on business entities has a high level of significance (this is the reason that we utilize a new weighting model in our method). Hence, we fill the elements of BE-EBP matrix based on the amount of affinity between business entities and business processes. Regarding the priorities of actions, we give weights of 4, 3, 2 and 1 to C, U, D and R, respectively. This way of weighting perfectly reflects the categorization mentioned in Table II .
B. The Operation Sequence Aspect of Cohesion
Service operations are sequentially related if either the output or post-condition from one operation serves as the input or pre-condition for the next operation [6] . Sequential dependency between the operations of a service causes a sequential control flow in service to satisfy specific business functionality. Choreography of business process is performed according to its control flow. When the operations of a service are sequentially dependent, it encapsulates a domain concept without the need of calling another service, thus focusing on a single functionality. This is the conceptual cohesion in definition.
A sequence flow is used to show the order of activities which are executed in a business process. Every flow has only one source and one target. Source and target could be the following flow objects: Events (Start ,Intermediate, and End), Activities (Task), and Gateways.
In standard business process modelling languages, sequence flow has been shown in different ways and has various types. For example, in BPMN different flows such as normal sequence flow, conditional sequence flow, and default sequence flow are existed. Therefore, using the information which exists in business process diagrams, the degree of sequential relation between activities could be obtained. In this way, if two business activities are related sequentially should be placed in the same service.
In order to measure this aspect of cohesion, we first categorize the sequence flow between the activities of a business process and then give each category a weight. To do so, the OMG documentation has been used [23] . 1. If there is normal sequence flow between two activities, sequence flow of them is at highest degree of relation. The logic behind this rule is that the normal sequence flow represents the sequence of flow elements in a business process. This means that the control of the flow is passed from on activity to another. Therefore the functionality of business process is realized whenever these two activities are performed sequentially. Thus by putting these two activities in one service, service cohesion in sequential view is improved. 2. If there is a parallel gateway between two activities, their sequential flow is in the second category of relation degree. The logic behind this rule is that the Parallel Gateway is used to synchronize multiple concurrent branches (merging behavior). Therefore if these activities are in one service, service cohesion in sequential view is improved since we are certain that these activities should be performed sequentially in order for their functionality to be realized. 3. If there is an inclusive gateway between two activities, their sequential flow would be in the third category. This is because the inclusive gateway selects a subset of alternative flows. Since a flow path might not be selected in some conditions, the weight of this category is less than the one of parallel gateway. On the other hand, because all the conditions are evaluated, their weight is bigger than exclusive gateway. 4. If there is an exclusive gateway between two activities the weight of their sequential flow is the least among other categories. This is because the exclusive gateway selects only one flow between the alternative flows and does not consider any priority among them. This means that in specific conditions, there is a sequential flow between these two activities. Therefore putting these two activities in a service brings about the least degree of cohesion in sequential point of view.
Considering above rules, four categories of sequential flow could be defined, as mentioned in Table III. 
Parallel Gateway

3
Inclusive Gateway, Complex Gateway
2
Exclusive gateway, Event-Based Gateway 4 1 As mentioned earlier, the LSI technique uses term cooccurrence concept to obtain relationship between terms. The information about the sequence of operations should be contained in the BE-EBP matrix. In order to do this, whenever the actions of two BE are sequentially related, their weight in the matrix is increased by the weights. Therefore, the business entities that are processed sequentially for many times together, gain a higher relationship degree. This method of weighting is completely aligned with the co-occurrence concept in IR methods. In fact we have maintained the sequential relationship of actions by giving more weight to them.
C. The BE-EBP Matrix Weighting
To explain the weight calculation of BE-EBP matrix, consider the business process shown in Figure 2 . This process has access to eight BEs, Customer, Vehicle, Work Order, Offering, Skills, Shipping Durations, Appointment and parts. The column related to this process in BE-EBP matrix has been shown in Figure 3 . For example, customer is created onetime. Therefore, its weight equals to 1 1 1. As another example the Work Order BE is created onetime and updated one time and its weight is calculated as:1 4 1 3 7. The calculated weight values for other entities are depicted in the left matrix in Figure 3 . Figure 2 . Business process of automotivework order scenario [5] The sequential relationship between two business entities could also be identified. For example, the customer and vehicle as two BEs are sequentially related since in the business process the operation 1 first reads the customer entity and then the operation 2 reads the vehicle entity. Therefore, their weight is increased by 1 unit to reflect their relationship (In this paper, for the sake of simplicity, we have considered the weight of 1 for normal sequence flow). The right matrix in Figure 3 shows the calculated values for all BEs considering both of the mentioned aspects. The above matrix can be completed for all of enterprise business processes so that the number of its columns equals to the number of enterprise business processes, and its rows equals to the number of enterprise business entities. Now, performing SVD, three matrices T, S and D can be obtained, where (A is the BE-EBP matrix). Then, considering k=2, the reduced matrix T is formed. The BBR matrix BBR S D indicates relationships between business entities. Values of the elements in this matrix are not normalized, and they can even be negative values. To solve this problem, negative values were replaced with zero values because negative values are not meaningful when measuring service cohesion, and zero means lack of cohesion. In addition, to normalize values, we multiply this matrix by 1 where max is the maximum value in BBR matrix. Thus, using the LSI concept, it is possible to show semantics existing in a business process in the form of BBR matrix. This matrix has been used to obtain the conceptual cohesion between services.
V. THE PROPOSED SERVICE COHESION METRIC
The proposed metric in this section can be used to measure cohesion of a service in service-oriented design based on the semantic relationships of operations exposed in its interface. It should be mentioned that the proposed metric has been defined based on an absolute scale where the metric takes values in the range of 0 to 1. Value 1 indicates the strongest possible cohesion while value 0 indicates lack of cohesion.
The main application of the proposed metric is in the service identification phase, the first step in the modeling phase of SOA lifecycle [11] . Service identification is considered to be one of the most critical phases in serviceoriented projects success, since the business requirements are covered in this phase [5] . The purpose of this phase is to produce a set of candid services together with their operations. Business process decomposition is a service identification approach that aims to partition business activities into services [5] . Thus a set of business processes are available from which one could identify the services. As it has been stated in section III, to measure cohesion in a service using the proposed metric, first the BE-EBP matrix must be formed. We can create this matrix based on business processes which are to be decomposed to obtain services. Figure 4 shows the position of the proposed metric in the process of measuring method. As it has been shown in Figure 4 , initially the required semantics are obtained from business processes. These semantics include information about co-occurrence of actions and their types. Then, BE-EBP matrix is created, where m is thenumber of enterprise business entities and n is the number of enterprise business processes. Then, by adopting the introduced weighting model, each element of A takes a weight. This weight describes the importance degree of ith business entity in jth business process. We apply SVD on A to obtain conceptual relationship between business entities. The outputs of this phase are three matrices consolidated as . The matrix S T S T describes the conceptual relationship between business entities which must be used to measure the degree of service cohesion.
To form the BE-EBP matrix , the weighting model mentioned earlier should be followed in order to fill the elements of the matrix. We consider both functional and sequential relationship between service operations. For the functional aspect one should first obtain the number of times that business process j access business entity i. The type of the action which is applied on the business entity is also important to weight the elements of matrix A. The sequential relationship of business entities is also taken into account, as discussed in previous chapter. Finally, by applying the SVD algorithm the output is consisted of three different matrices T, S and D where . To formulize our metric we use a graph-based approach. Consider service S with a set of operations , , … , . Each operation O j of service S accesses a set of business entities that are shown as , , , , … , , . For each pair of operations O i and O j in service S a complete graph G= (V, E) is formed such that . A value is then assigned to each edge in set E that shows the degree of relationship between business entities that are represented as graph G nodes. This degree of relationship could be obtained from the BBR matrix. The conceptual relationship between two operations i and j is calculated as follows:
Where:
p and q are the identifying number for their corresponding business entities. , is the degree of relationship between business entities BE p and BE q. . |V| is the cardinality of set V. The denominator of the fraction in this formula is the number of edges of complete graph G. The degree of cohesion of a service is consequentially defined (and visually illustrated in Figure 5 ) as the degree of relationship between its operations as follows:
where, m is the number of operations in service S. 
VI. EVALUATION OF THE METRIC
In this section, an evaluation of the metric SCD is provided. Firstly, service cohesion calculation using the proposed metric is described in a case study. Using the cohesion principles, it is shown that our metric is a valid measure of cohesion in the measurement theory point of view.
A. Case Study
Service cohesion calculation method is described in this section by an example. The effectiveness of the approach is evaluated using a real-world scenario in a purchase order business process that their scenario has been described in [22] .
CRUD matrix could be used to identify services [24] . Figure 6 depicts a CRUD matrix in which the identified services are colored distinctively. Figure 6 . The CRUD Matrix for Sales Department Scenario [16] The operation input and output messages, can be extracted from the BEs that the EBP deals with, through one of the following semantic relationships [20] .
Creation (C) of a BE by an EBP results in an output message by the service through the corresponding operation.
Reading (R) a BE by an EBP means an input message to the operation of the service. Updating (U) a BE by an EBP includes an input message to the service, and the updated information as an output message. Deletion (D) of a BE by an EBP requires an input message to the service. For service 1 (the blue cluster), operations input and output messages shown as Figure 7 : At this time, the BE-EBP matrix could be formed using the method described in section III. The rows of this matrix represent business entities and the columns are elementary business processes. This matrix is shown in Figure 8 where its elements are filled using the weighting model in section III. It is worth pointing out that the sequence flow between the actions of each EBP is a normal flow. In other words the actions of CRUD, each of which are equivalent to an activity in business processes, are run sequentially (have a normal sequential flow). In this paper, for the sake of simplicity, we have considered the weight of 1 for normal sequence flow. Once the BE-EBP matrix is formed, the SVD algorithm could be applied. In order to do this we implement the measuring process in Matlab version 7.6.0.324 software. The BE-BE matrix is then constructed using the formula S T S T . The resulting matrix is shown in Figure 9 . This matrix is normalized and its negative values are replaced by zero. Figure 9 . The BE-BE Matrix after decomposition and normalization Figure 6 shows a CRUD matrix with four identified services. Figure 10 .
Customer, Credit, Account receivable Calculation result for other operations is shown in Table  IV:   TABLE IV 
B. Analytical Validation
There are different methods for metric theoretical validation. Some of them have subjective nature whereas others have the basis of axiomatic or calculation theory. Among them, the property-based software engineering measurement framework [25] is widely used; hence, we make use of it to validate the introduced SCD metric. Property1: Non-negativity and Normalization is satisfied since the metric can only take values between 0 and 1. Property 2: Null Value is satisfied since the metric SCD is 0 when the number of relationships between the business entities that are used by the operations of a service is 0. Property 3: Monotonicity is satisfied because adding another related BE to a pair of EBP does not decrease the overall cohesion. In other words the overall cohesion is not decreased by adding a related BE to a set of BEs that are accessed by a specific pair of operations. Property 4: Cohesive Modules is satisfied by joining together two unrelated service interface the resulting cohesion would not be bigger than the maximum of original relations. In other words, the degree of cohesion between the operations of two unrelated services is not greater than the cohesion of each of them, because their operations access unrelated business entities.
Therefore, the proposed metric satisfies all of the cohesion properties and therefore it can be a valid measure of cohesion from the measurement theory point of view.
C. Discussion
In this section, the resulted values of SCD, that are measured and presented in Table IV , are critically discussed. We will provide a comparison of the assigned cohesion values with the output of the other proposed metrics in service-oriented architecture such as SIDC [6] and V COHES [5] . A comparison of the improvements in this study to our previous metric namely SCV introduced in [26] is also discussed.
As mentioned earlier, a service should encapsulate single business functionality or in other words, the operations of a service must be related in terms of some domain-level concepts. A service encapsulating such functionality is said to be conceptually cohesive. We will show that the proposed metric uses the semantic in business processes effectively and could be used to measure conceptual cohesion of services.
Consider service 1 highlighted with blue color in Figure  6 . This service has four main operations (EBP1, EBP2,
Metric Service EBP3, and EBP4). The operations of this service should be related in terms of correspondence to one business functionality. The degree of cohesion between two groups of operations of this service using the mentioned metrics is provided in Table VI. 
G2
The metrics SIDC and V COHES both give an equal value for the cohesion of the operations, while the relation of these operations completely differs in conceptual point of view. The business entities, Customer and Credit, are processed by the two groups of operations G1 and G2. However, they process the following entities separately: Account Receivable Note by G1 and Order by G2 which causes different levels of cohesions. Because based on [19, 22] we consider two business entities related when they are accessed by at least one business process. More precisely, they should at least have one common activity in their behavioral model. The business entity Account Receivable Note is only related to Credit and Customer through EBP2. While the business entity Order is related to business entities Credit and Customer three times through EBPs 3, 4 and 9. In other words, they have three shared activities in their behavioral models. Therefore, any action on one of them requires an action on the other. This means that whenever an operation performed on Customer or Credit, we can expect that an operation must be done on Order entity. Thus, we can associate performing an action on one of them with performing an action on the other as an atomic activity. On the other hand, existing high cohesion between service operations can be considered as a reusability predictor. This capability is provided by the proposed metric clearly. It is certain that when a set of business entities are more frequently accessed by business processes, performing operations over these entities has higher reuse potential.
The calculated values for the mentioned groups are 0.5 and 0.46 respectively, using the proposed metric. These metrics justifies the above statements. The crucial question here is why the cohesion value of G2 has been reduced although Order has three shared activities with Credit and Customer in its behavioral model (In SCV metric this value was 0.87 while in the proposed metric it is 0.46). More interesting the cohesion value of G2 is even increased by 0.0.2. The answer is that in this paper the type of actions is efficiently used in cohesion measurement. Although the number of times that two business entities are accessed by business processes at the same time has a direct impact on their conceptual relation, the type of the action performed by business processes over these entities is crucial. In our previous metric [26] , we defined two business entities to be related whenever there was at least one business processes that process them. But the type of operation performed by the business process is also important. For example, performing Create over two business entities denotes a stronger relationship with a Read action over the same entities.
In G1, EBP1 performs actions Read, Update and Create on business entities Customer, Credit and Account Receivable Note respectively. The EBP1 do the action Create on Account Receivable Note and Update on Credit which denotes a much stronger relationship between them. On the other hand, in group G2, as discussed earlier, the business entity Order is three times related to customer and credit by EBPs 4, 3 and 9. The strongest relationship between these three entities is in EBP4 (receive order) where entity Order is created and entity Customer is read, and makes this relationship much weaker than the relationship between three business entities in G1 (through Add Customer an Account Receivable Note). In our previous metric where only the number of shared activities in the behavioral model where considered, the value 0.48 for G1 and 0.87 for G2 was obtained. In the new metric by considering the type of action these values are 0.5 and 0.46. Therefore, in G1 the value of cohesion is increased. In G2, the value of cohesion is decreased to 0.46 since there is a week read relation between entities customer and credit with entity Account Receivable Note (through tasks Check Credit and Issue Invoice) and also a week create relation (through Receive Order).
Also, we did not consider the sequential aspect in our previous methods. The effect of actions sequence on service cohesion could be further evaluated with similar analyses. For example, in group G1 the business entity Account Receivable Note and Credit are sequentially related only once through EBP2. While in Group G2 business entity Order and Credit are sequentially related twice through EBP4 and EBP9. Even without considering the type of actions (in order to have equal comparative conditions with SVC metric) the cohesion of G2 in comparision with G1 is increased. This means that the proposed metric takes the sequence of actions into account as well. Considering the performed analysis about the proposed metric and also its comparison with previous metrics and our previous metric, it is clear the new metric in this paper addresses the shortcomings of previous metrics (especially the effect of action types on business entities and also the action sequence). This metric could be used as suitable metric for conceptual service cohesion measurement.
One might assert that this analysis covers just direct relationships between two BEs such as the work reported in [26] , whereas they might be related through intermediate BEs. The key to understand this point is that one of the powerful properties of SVD method is to consider cooccurrence in degrees greater than 1. In other words, this approach not only considers the amount of direct relationship, but also considers relations between BEs with multiple intermediates. Therefore, the analysis shows that the proposed metric benefits from every concept in business processes and it can be used to measure conceptual cohesion of a service.
VII. CONCLUSION AND FUTURE WORK
In this paper, we proposed a method to measure conceptual cohesion of services. The proposed metric in this study is automatically measurable and its main application is in the service identification phase where it helps to discover the right services. The semantics represent the degree of service focus on one single business functionality. To this end, we defined conceptual cohesion of service based on service functionality and operation sequence aspects. The required information to measure these aspects is acquired from enterprise's business processes. This information is then used as the input of LSI technique. Once the BE-EBP matrix is formed on the basis of the acquired information, the SVD algorithm and then domain reduction operations are performed over the matrix. The reduced matrix contains the conceptual relationship of business entities which are used in the proposed metric. Although the evaluation results shows the capability of the proposed metric in terms of conceptual cohesion measurement, a real-world case study with a complete set of enterprise's business processes would further elaborate on its effectiveness. We are considering a set of controlled experiments in order to empirically validate the output of the proposed approach in real-world environments, in a future research.
